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Abstract 
In order to improve the magnetic intergranular isolation between the magnetic grains in the SmCo5 perpendicular magnetic 
recording media, the palladium nuclei deposited by an electrochemical process were introduced into a sputter deposition process 
of the SmCo5 film. A few nanometer size Pd nuclei were electrochemically deposited on the sputtered Cu underlayer by a 
displacement deposition (chemical plating). The sizes of Pd nuclei were controlled by adjusting the Pd ion concentration in 
electrolyte solutions. The magnetic domain size in Sm-Co layer deposited on Pd nuclei / Cu / Ti underlayer became smaller and 
the magnetization reversal process was changed from the wall motion to the coherent rotation. Moreover, the read/write 
characteristics were improved at higher linear recording densities. 
 
© 2010 Published by Elsevier B.V. 
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1. Introduction 
To increase an areal recording density of perpendicular magnetic recording media, the magnetic grain size in a 
recording layer should be decreased. However, the decreasing of the grain size leads to superparamagnetism which 
induces destabilization of magnetization. To solve this problem, magnetic materials with high magnetic anisotropy 
have attracted much interest [1]. A SmCo5 alloy is a promising candidate for ultra high density magnetic recording 
media because of its very strong uniaxial magnetocrystalline anisotropy, whose constant, Ku, is more than 1.1×108 
erg/cm3 in the form of bulk alloy [2]. The Ku constant is more than 50 times as high as the CoCr alloys currently 
used for magnetic recording materials. We developed a sputter deposited SmCo5 thin film, exhibiting very high 
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perpendicular magnetic anisotropy by introducing a Cu/Ti intermediate layer, whose Ku value reached 4.0×107 
erg/cm3 under an optimized preparation condition [3]. Moreover, we found that the Cu underlayer played an 
important role in promoting the crystallization of SmCo5 and the preferred orientation of its c-axis [4, 5], and that 
the addition of Ti underlayer provided the Cu layer with smooth surface, resulted in more improvement of the 
preferred orientation of SmCo5 film [6]. We also fabricated double-layered perpendicular magnetic recording media 
that was composed of the SmCo5 films and a Co-Zr-Nb soft magnetic underlayer (SUL) by introducing a Ru buffer 
layer [7]. Unfortunately, we found that the medium noise of the double-layered media was very high because the 
intergranular exchange interaction between the SmCo5 grains was so strong [8].  
In order to reduce the medium noise, we developed the SmCo5 granular perpendicular recording media that was 
composed of the SmCo5 grains with a high uniaxial magnetic anisotropy and the SmCo grains with a soft magnetic 
property [8, 9]. However, it was necessary to further improve the separation between grains for lowering to media 
noise of a practical level. 
On the other hand, the percolated perpendicular media (PPM) has attracted attention as a candidate for high 
density recording media. Instead of isolated magnetic grains in conventional granular microstructure, the PPM 
consists of closely packed grains with strong intergranular exchange interaction and densely distributed nanometer 
size nonmagnetic columns, or dots, referred to as domain wall pinning sites, or pinning sites [10, 11]. Therefore, by 
making the pinning sites more densely distributed than the grain density in conventional granular media, the 
transition jitter noise is considered to be significantly reduced since recorded transition boundaries in the PPM 
would be almost straight. Meanwhile, being different from the conventional granular media, sufficient thermal 
magnetic stability of the PPM is supported by the intergranular exchange interaction because the media is 
continuous and hence all the grains are exchange coupled [10-12]. Recently, Laughlin et al. [13, 14] and Sun et al. 
[15] reported the fabrication of the PPM using sputtering method, while Rahman et al. [16-19] reported the 
fabrication of that using anodic aluminium oxide templates prepared on silicon wafers as substrates. On the other 
hand, we have considered that an electrochemical process would be a method to fabricate nonmagnetic nano-sized 
dots of a PPM, since the electrochemical nucleation can be easily controlled by solution concentration or deposition 
time, etc. 
In this paper, in order to improve the magnetic properties of the SmCo5 media, we have introduced an 
electrochemical process to the SmCo5 film preparation process. The Pd nuclei were deposited on the sputtered Cu 
underlayer by a displacement deposition, followed by the Sm-Co magnetic layer was deposited with a sputtering. 
We have reported that the magnetic characteristics, the magnetic domain structure, the change of magnetization 
reversal process and surface morphology of this media. Additionally, we also have evaluated for the read and write 
(R/W) characteristics of the SmCo5 double-layered media with a Co-Zr-Nb SUL. 
2. Experimental 
The films examined in this study were prepared using an ultra high vacuum (UHV) magnetron sputtering system 
excepting the deposition of Pd. The Ar gas pressure during deposition of each layer was set to 0.2 Pa. The layer 
configuration of the films, Sm-Co(0 or 8 nm)/Pd-Cu(8 or 10 nm)/Ti(3 nm)/2.5 inchφ glass disk, is shown in Fig.1. 
For the R/W measurements, the SUL and Ru buffer layer, Ru(10 nm)/Co91Zr5Nb4(50 nm), were inserted between the 
Ti layer and glass substrate. The layers of Co91Zr5Nb4, Ru, Ti, and Cu were deposited at 20 °C. The Pd nuclei were 
deposited by a displacement deposition; the Cu/Ti deposited substrates were immersed into the PdCl2 acidic solution 
for 10 s at room temperature. The concentration of PdCl2 was varied from 1.13 × 10-5 to 1.13 × 10-4 mol·dm-3. After 
the deposition of Pd nuclei, the substrate was immediately rinsed with pure water and dried with N2 gas, followed by 
the Sm-Co layer was sputter-deposited at 225 °C by laminating Sm(0.31 nm) and Co(0.41 nm) alternately. A 7.5-
nm-thick amorphous carbon was sputter deposited upon the Sm-Co layer as an overcoat layer. Magnetic properties 
were measured using a vibrating sample magnetometer (VSM) with the maximum applied field of 15.0 kOe. 
Magnetic domain structure and surface morphology were observed by a magnetic force microscope (MFM) and an 
atomic force microscope (AFM). The composition of the film was analyzed by X-Ray photoelectron spectroscopy 
(XPS). The R/W characteristics were evaluated using a spin stand tester with a shielded single pole type writer and a 
giant magneto resistive effect (GMR) reader. 
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Fig.1. The process for SmCo5 perpendicular film preparation. STEP1: Deposition of Ti and Cu layer 
using an UHV magnetron sputtering system, STEP 2: Displacement deposition of Pd nuclei from HCl 
acidic PdCl2 solution for 10 sec, STEP 3: Deposition of laminated film of Sm (0.31 nm) and Co (0.41 
nm) by UHV magnetron sputtering at 225 °C.  
3. Results and Discussion 
The layer configurations and the conditions of PdCl2 solution for displacement deposition are summarized in 
Table 1. Figure 2 shows the tapping mode AFM images for the Cu underlayer (a) and samples after the immersion 
of the Cu underlayer into PdCl2 solution at various Pd ion concentrations (b - d). The root mean square roughness, 
Rrms, values for the surfaces of (a), (b), (c) and (d) were 0.670 nm, 0.930 nm, 2.90 nm and 2.87 nm, respectively. It 
was found that the Rrms value increased with increasing the concentration of PdCl2. The surface morphology of the 
Cu underlayer treated with diluted PdCl2 solution was small changed as shown in Fig.2 (b). On the other hand, the 
Rrms values and surface morphologies were changed drastically by immersion into the denser PdCl2 solution (Fig.2 
(c) and (d)). The diameters of projections were 10- 50 nm for sample III and 30- 170 nm for sample IV, respectively. 
XPS analysis of the substrates immersed into the PdCl2 solution showed the sharp peaks at 340 eV and 335 eV 
corresponding to the binding energy of Pd 3d3/2 and Pd 3d5/2, so that the projections observed in AFM images were 
attributed to Pd nuclei. It was confirmed that we were able to successfully deposit the Pd nuclei on the Cu 
underlayer. The Pd deposition rate on Cu surface became higher than that on Co91Zr5Nb4 surface reported by our 
group [20, 21]. According to the result of the AFM images, it was thought that nuclei size and distribution on Cu 
were similar to that on Co91Zr5Nb4.  
 
 
Table 1 Layer configurations, PdCl2 concentration and magnetic properties of the samples tested in this study. 
Samples Layer configuration (unit is nm) [PdCl2] (mol·dm-3) Hc (kOe) SQR (-) 
I Cu (10)/Ti(3)/glass disk 0 − − 
II Pd-Cu(10)/Ti(3)/glass disk 1.1×10-4 − − 
III Pd-Cu(10)/Ti(3)/glass disk 2.8×10-4 − − 
IV Pd-Cu(10)/Ti(3)/glass disk 5.6×10-4 − − 
V Sm-Co(8)/Cu(8)/Ti(3)/glass disk 0 7.7 0.92 
VI Sm-Co(8)/Pd-Cu(8)/Ti(3)/glass disk 1.1×10-4 6.9 1.00 
VII Sm-Co(8)/Pd-Cu(8)/Ti(3)/glass disk 1.7×10-4 6.1 0.81 
VIII Sm-Co(8)/Pd-Cu(8)/Ti(3)/glass disk 2.3×10-4 5.9 0.75 
IX Sm-Co(8)/Pd-Cu(8)/Ti(3)/glass disk 3.4×10-4 4.0 0.54 
X Sm-Co(8)/Cu (8)/Ti(3)/Ru(10)/Co-Zr-Nb(50)/glass disk 0 4.3 0.98 
XI Sm-Co(8)/Pd-Cu(8)/Ti(3)/Ru(10)/Co-Zr-Nb(50)/glass disk 1.7×10-4 4.2 0.71 
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Fig.2. Three dimensional view of AFM images for samples listed in Table 1, (a) I, (b) II, (c) III, and (d) IV. 
 
The magnetic properties of the Sm-Co magnetic layer deposited on the Pd nuclei / Cu underlayer measured using 
VSM are shown in Fig. 3. The layer configuration of samples, value of coercivity Hc, and squareness ratio SQR of 
the direction perpendicular to the film plane are also listed in Table 1. The perpendicular preferred orientation was 
deteriorated by increasing Pd deposition on the Cu underlayer. It was supposed that the diffusion of Cu atoms from 
the underlayer to the Sm-Co magnetic layer were blocked partly by the Pd nuclei, or Cu in the underlayer was 
dissolved into the Pd solution during the Pd displacement deposition. On the other hand, a value of α decreased with 
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Fig.3. M-H loops for samples listed in Table 1, (a) V, (b) VII, (c) VIII, and (d) IX. 
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inserting the Pd nuclei. A value of α indicates the loop slope parameter defined as 4π(dM/dH)H=Hc, and is 
associated with the degree of the intergranular exchange interactions [22, 23]. A small value of α corresponds 
to a small intergranular exchange interaction. 
Figure 4 shows MFM and AFM images for the sample V and VIII at an ac-demagnetization state. It was 
observed that the size of magnetic domain definitely was reduced by inserting the Pd nuclei on the Cu underlayer. 
The values of average surface roughness for the samples calculated from AFM images were 1.13 nm, 1.16 nm and 
1.47 nm for sample V, VII, and VIII, respectively. The influence of the Pd nuclei for the surface roughness on the 
Sm-Co layer was limited except sample VIII. The adequate treatment of Pd displacement deposition seems effective 
in the isolation of the magnetic domains and the improvement of the magnetic properties without deterioration of 
surface flatness. 
 
Fig.4. MFM and AFM images for samples listed in Table 1, (a) & (d) V, (b) & (e) VII and (c) & (e) VIII. 
 
The magnetization reversal process of the SmCo5 film was also evaluated by measuring the dependence of Hc on 
the applied field angle from the direction perpendicular to the film plane is shown in Fig. 5. The values of Hc (θ) on 
each applied field angle were normalized with the values of Hc (0) of the perpendicular direction. The directions 
perpendicular to and parallel to the film plane correspond to 0 degree and 90 degree. The theoretical curve for 
magnetization reversal mechanism by domain wall motion is shown by solid line and that of coherent rotation 
mechanism (Stoner–Wohlfarth model) is shown by broken line in this figure. The dependence of Hc on applied field 
angle for the film without Pd nuclei showed a tendency to follow the wall motion magnetized reversal mode. The 
magnetization reversal process gradually showed a tendency to close to the rotation mode with increasing Pd 
deposition. From these results, we confirmed that the intergranular exchange interaction in the SmCo5 film 
decreased upon the insertion of Pd nuclei. 
The reason why the magnetization reversal process changed from the wall motion mode to the magnetization 
rotation mode is the fact that Pd nuclei may have a role in wall pinning sites or pinning sites, as mentioned in the 
papers about PPM [10-19]. In addition, the following reason can be also considered as mentioned in “Introduction” 
[8, 9]; the diffusion of Cu between the Cu underlayer and the Sm–Co layer accelerated the crystallization of SmCo5 , 
while the Sm-Co area without the Cu diffusion exhibited a soft magnetic property. The diffusion of Cu may be 
hindered by Pd nuclei, i.e., the break of the continuity of SmCo5 grains by inserting SmCo grains may promote the 
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magnetic intergranular isolation in the SmCo layer. We think that further investigation is necessary to understand 
the mechanism. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Finally, in order to evaluate effectiveness of the Pd nuclei, the R/W characteristics for the SmCo5 double-layered 
films with the Co-Zr-Nb soft magnetic underlayer were performed using a spin-stand tester. The layer configuration 
for samples, conditions for PdCl2 solution for the displacement deposition and magnetic properties of the samples 
are listed in Table 1 (samples X and XI). Figure 6 shows the dependency of the signal-to-noise ratio (SNR) on linear 
densities for sample X and XI. Compared with sample X, sample XI showed low medium noise property, especially 
at high liner recording densities. We confirmed that the R/W performance was improved by the insertion of 
electrochemically deposited Pd nuclei.  
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Fig.5. The Dependences of applied field angle in coercivity for samples V (circle), VI (square), VII 
(triangle), VIII (diamond) and IX (cross). The Solid and dotted line indicate the theoretical curve of the 
wall motion magnetization reversal mode and that of the coherent magnetization reversal mode, 
respectively. 
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Fig.6. The Dependency of the SNR on the linear recording density for samples X (square) and XI (circle). 
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4. Conclusions 
We fabricated the SmCo5 perpendicular magnetic film with the Pd nuclei deposited by displacement 
deposition to improve the magnetic intergranular isolation between magnetic grains and the read/write 
characteristics. The insertion of electrochemical Pd nuclei was effective in promoting the magnetic intergranular 
isolation between magnetic grains in SmCo5 film without disturbing their high perpendicular magnetic anisotropy. 
We found that the insertion of Pd nuclei to a Cu underlayer resulted in a change in the magnetic properties and 
in a magnetization reversal process. These changes led to an increase in the SNR. The following two can be 
considered as a reason for reducing the magnetic interaction; 1) Pd nuclei would work as a pinning site like PPM, 2) 
Pd nuclei may have a role in physical blocker of Cu thermal diffusion from the Cu underlayer. 
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